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ITEM 0001 ITEM 0001 ITEM 0001 ITEM 0001 –––– FIRST ITERATION FIB FIRST ITERATION FIB FIRST ITERATION FIB FIRST ITERATION FIBERERERER    
Fiber IDs: Passive: 060906-CF0743 
 Active:  060911-CF0747 
 
Delivered fiber length: Passive: 80 m 
 Active: 70 m 

PHYSICAL PROPERTIES PHYSICAL PROPERTIES PHYSICAL PROPERTIES PHYSICAL PROPERTIES –––– PASSIVE FIBER: PASSIVE FIBER: PASSIVE FIBER: PASSIVE FIBER:    FFFFIBERIBERIBERIBER    TARGETTARGETTARGETTARGET    

MATERIAL 

Core material: F-doped silica 
Cladding material: Pure silica 
Coating material: High temperature acrylate (single layer) 

DIMENSIONS 

Core diameter: 35 µm 35 µm 
Pitch    10 µm 10 µm 
d/pitch    Fiber 1: 0.33 0.35 
    Fiber 2: 0.27 0.30 
    Fiber 3: 0.39 0.40 

Cladding diameter:   615 µm 600 µm +/- 50 µm 

Coating diameter: 725 µm    

    

OPTICAL PROPERTIES OPTICAL PROPERTIES OPTICAL PROPERTIES OPTICAL PROPERTIES –––– PASSIVE F PASSIVE F PASSIVE F PASSIVE FIIIIBER: BER: BER: BER:     FIBERFIBERFIBERFIBER    TARGETTARGETTARGETTARGET    

SIGNAL CORE: 

Core ∆n:  -8·10-4 – -9·10-4 nm -8.5·10-4 +/- 0.5·10-4 

B-doped SAPS ∆n:  -6·10-3 < -3·10-3 

Birefringence @ 1060 nm:  ~1·10-4 

    

PHYSICAL PROPERTIES PHYSICAL PROPERTIES PHYSICAL PROPERTIES PHYSICAL PROPERTIES –––– ACTIVE F ACTIVE F ACTIVE F ACTIVE FIIIIBER:BER:BER:BER:    FIBERFIBERFIBERFIBER    TARGETTARGETTARGETTARGET    

MATERIAL 

Core material: Yb-doped silica 
Cladding material:    Pure silica 
Coating material: High temperature acrylate (single layer) 

DIMENSIONS 

Core diameter: 35 µm 35 µm 
Pitch   10 µm 10 µm 
d/pitch   Fiber 1: 0.30 0.30 
   Fiber 2: 0.39 0.40 
   Fiber 3: 0.35 0.35 
Pump core diameter   325 µm ~300 µm 
Cladding diameter:  617 µm 600 µm +/- 50 µm 

Coating diameter: 721 µm 
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OPTICAL PROPERTIES OPTICAL PROPERTIES OPTICAL PROPERTIES OPTICAL PROPERTIES –––– A A A ACCCCTIVE FIBER: TIVE FIBER: TIVE FIBER: TIVE FIBER:     FIBERFIBERFIBERFIBER    TARGETTARGETTARGETTARGET    

SIGNAL CORE: 

Core ∆n:  ~-8·10-4  -8.5·10-4 +/- 0.5·10-4 

B-doped SAPS ∆n:  -6·10-3 < -3·10-3 

Birefringence @ 1060 nm:  ~1·10-4 
Mode field diameter @ 1060 nm  Fiber 1: 28.9 µm 
  Fiber 2: 26.6 µm 
  Fiber 3: 26.9 µm 

MULTIMODE PUMP CORE: 

Numerical aperture @ 975 nm6:  0.55-0.57 ~ 0.55 
Pump absorption  @ 920 nm7:  ~1 dB/m    
Pump absorption @ 976 nm8:  ~3 dB/m     
 
6: Measured as the angle corresponding to FWHM of the maximum intensity.  
8: Calculated as 3 times the absorption of 920nm.  

FIBER STRUCTURE FIBER STRUCTURE FIBER STRUCTURE FIBER STRUCTURE –––– PASSIVE FIBER PASSIVE FIBER PASSIVE FIBER PASSIVE FIBER    

 

              
Figure Figure Figure Figure 1111    Back illuminated (left) and top illuminated (right) microscope pictures of the fiber cross sectionBack illuminated (left) and top illuminated (right) microscope pictures of the fiber cross sectionBack illuminated (left) and top illuminated (right) microscope pictures of the fiber cross sectionBack illuminated (left) and top illuminated (right) microscope pictures of the fiber cross section    

 

FIBER STRUCTURE FIBER STRUCTURE FIBER STRUCTURE FIBER STRUCTURE –––– ACTIVE F ACTIVE F ACTIVE F ACTIVE FIIIIBERBERBERBER    

 

                
Figure Figure Figure Figure 2222    BackBackBackBack illuminated (left) and top illuminated (right) microscope pictures of the fiber cross section illuminated (left) and top illuminated (right) microscope pictures of the fiber cross section illuminated (left) and top illuminated (right) microscope pictures of the fiber cross section illuminated (left) and top illuminated (right) microscope pictures of the fiber cross section    
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MODAL PROPERTEIES MODAL PROPERTEIES MODAL PROPERTEIES MODAL PROPERTEIES –––– PASSIVE F PASSIVE F PASSIVE F PASSIVE FIIIIBERBERBERBER    

 
The passive fibers are only very weakly guiding. When measured on a large standard spool (32 
cm diameter), all fibers exhibit large attenuation at 1060 nm. 
 

 
Figure Figure Figure Figure 3333    Near field of the best guiding fiber (fiber 3) at 1060 nm (left) and 1550 nm (right).  Near field of the best guiding fiber (fiber 3) at 1060 nm (left) and 1550 nm (right).  Near field of the best guiding fiber (fiber 3) at 1060 nm (left) and 1550 nm (right).  Near field of the best guiding fiber (fiber 3) at 1060 nm (left) and 1550 nm (right).      

 

 
Figure Figure Figure Figure 4444    TransmissiTransmissiTransmissiTransmission through fiber 3 for the two polarization directions. The legend refers to the benon through fiber 3 for the two polarization directions. The legend refers to the benon through fiber 3 for the two polarization directions. The legend refers to the benon through fiber 3 for the two polarization directions. The legend refers to the bendddding diameter. At low ing diameter. At low ing diameter. At low ing diameter. At low 
wavelengths, the fiber do not transmit due to bending loss. Going to longer wavwavelengths, the fiber do not transmit due to bending loss. Going to longer wavwavelengths, the fiber do not transmit due to bending loss. Going to longer wavwavelengths, the fiber do not transmit due to bending loss. Going to longer waveeeelength, the fibers transmits in one spatial length, the fibers transmits in one spatial length, the fibers transmits in one spatial length, the fibers transmits in one spatial 
mode (first plateau startimode (first plateau startimode (first plateau startimode (first plateau starting around 1 µm) and then goes multimode at longer wavelengths (transmission increases to new plng around 1 µm) and then goes multimode at longer wavelengths (transmission increases to new plng around 1 µm) and then goes multimode at longer wavelengths (transmission increases to new plng around 1 µm) and then goes multimode at longer wavelengths (transmission increases to new pla-a-a-a-
teau). The transmission curves for the two polarizations are shifted in wavelength due to the birefringence, creating a polariteau). The transmission curves for the two polarizations are shifted in wavelength due to the birefringence, creating a polariteau). The transmission curves for the two polarizations are shifted in wavelength due to the birefringence, creating a polariteau). The transmission curves for the two polarizations are shifted in wavelength due to the birefringence, creating a polariz-z-z-z-
ing region. Note the very narrow ing region. Note the very narrow ing region. Note the very narrow ing region. Note the very narrow window between the bending loss edge and the multimode transition.window between the bending loss edge and the multimode transition.window between the bending loss edge and the multimode transition.window between the bending loss edge and the multimode transition.    

 

MODAL PROPERTIES MODAL PROPERTIES MODAL PROPERTIES MODAL PROPERTIES –––– ACTI ACTI ACTI ACTIVE FIBERVE FIBERVE FIBERVE FIBER    

 
Figures below show the near field of the three fibers recorded at 1064 nm.  

 
Fiber 1                                             Fiber 2                                    Fiber 3 
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MFD (1/e2,1064nm): 
Fiber 1 = 28.9 µm 
Fiber 2 = 26.6 µm 
Fiber 3 = 26.9 µm 
 
Fiber 2 is multimode, even at small bending radii, as one can see by changing the launch con-
ditions as below: 
 

                      
Figure Figure Figure Figure 5555    NF for fiber 2 with light launched in center (left) and on side of the core (NF for fiber 2 with light launched in center (left) and on side of the core (NF for fiber 2 with light launched in center (left) and on side of the core (NF for fiber 2 with light launched in center (left) and on side of the core (rightrightrightright))))    

 
The aim of the fiber design is to flatten the mode compared to a standard Gaussian profile. Be-
low is found the mode profile of fiber 1, which clearly features a non-Gaussian shape with a flat 
top. 
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Figure Figure Figure Figure 6666 Mode profile of Fiber 1 at 1060 nm Mode profile of Fiber 1 at 1060 nm Mode profile of Fiber 1 at 1060 nm Mode profile of Fiber 1 at 1060 nm    

 
Polarization dependent measurements of the transmission through the fibers are found below. 
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Figure Figure Figure Figure 7777    Transmission through Fiber 1 in the two polarization directionsTransmission through Fiber 1 in the two polarization directionsTransmission through Fiber 1 in the two polarization directionsTransmission through Fiber 1 in the two polarization directions    

 
 

 
Figure Figure Figure Figure 8888    Transmission through Fiber 2 in the two polarization directioTransmission through Fiber 2 in the two polarization directioTransmission through Fiber 2 in the two polarization directioTransmission through Fiber 2 in the two polarization directionsnsnsns    

 
 

 
Figure Figure Figure Figure 9999    Transmission through Fiber 3 in the two polarization directionsTransmission through Fiber 3 in the two polarization directionsTransmission through Fiber 3 in the two polarization directionsTransmission through Fiber 3 in the two polarization directions    
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GENERAL OBSERVATIONSGENERAL OBSERVATIONSGENERAL OBSERVATIONSGENERAL OBSERVATIONS    

The down doping of the core has lead to reduced mode spacing. Consequently, the useful re-
gime in which the fibers are guiding in a single mode with low loss has been reduced com-
pared to normal undoped designs. The passive fibers have a core index, which is slightly below 
the active and the operational window is almost closed in the sense that the fiber exhibits 
large bending loss very close to the multimode transition wavelength. 
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ITEM 0002 ITEM 0002 ITEM 0002 ITEM 0002 –––– SECOND ITERATION FI SECOND ITERATION FI SECOND ITERATION FI SECOND ITERATION FIBERBERBERBER    
Fiber IDs: 061218-CF0818 
 
Delivered fiber length: Fiber 1: ~20 m 
 Fiber 2: ~20 m 
 Fiber 3: ~20 m 
 Fiber 4: ~14 m 
 

FIBER STRUCTURE FIBER STRUCTURE FIBER STRUCTURE FIBER STRUCTURE –––– PASSIVE  PASSIVE  PASSIVE  PASSIVE FIBER IFIBER IFIBER IFIBER I    

 
A total of 6 passive fibers was drawn to establish drawing conditions and preform designs 
suitable for the active fiber with two different hole-sizes. 
The first batch of passive structure test fiber is constructed with one ring of 0.2 holes and six 
rings of 0.3 holes. 
 

 
Figure Figure Figure Figure 10101010 Top illuminated microscope pictures of the fiber cross section Top illuminated microscope pictures of the fiber cross section Top illuminated microscope pictures of the fiber cross section Top illuminated microscope pictures of the fiber cross section    

 
The hole sizes on fiber level is found in the table below. 
 
Fiber Inner 

d/pitch 
Outer 
d/pitch 

Pitch 

  1 0.14 0.29 9.99 µm 
  2 0.175 0.35 9.95 µm 
  3 0.215 0.40 10.16 µm 

    

FIBER STRUCTURE FIBER STRUCTURE FIBER STRUCTURE FIBER STRUCTURE –––– PASSIVE FIBER II PASSIVE FIBER II PASSIVE FIBER II PASSIVE FIBER II    

 
The second batch of passive structure test fibers are made with three different hole-sizes in the 
cladding: one ring of 0.2 holes, three rings of 0.26 holes and three rings of 0.28 holes (on pre-
form level). 
 
The hole sizes on fiber level is found in the table below (the pitch is 10 µm). 
 
Preform*  Fiber 1 Fiber 2 Fiber 3 
0.2 Ring 1 0.16 0.19 0.2 
0.26 Ring 2-4 0.28 0.31 0.33 
0.28 Ring 5-7 0.32 0.36 0.37 

* Indicating the hole size on preform level 
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Figure Figure Figure Figure 11111111 Top illuminated microscope pictures of the fiber cross section. The preform is constructed with one ring of 0.2 holes,  Top illuminated microscope pictures of the fiber cross section. The preform is constructed with one ring of 0.2 holes,  Top illuminated microscope pictures of the fiber cross section. The preform is constructed with one ring of 0.2 holes,  Top illuminated microscope pictures of the fiber cross section. The preform is constructed with one ring of 0.2 holes, 
three rings of 0.26 holes and three rings of 0.28 holes.three rings of 0.26 holes and three rings of 0.28 holes.three rings of 0.26 holes and three rings of 0.28 holes.three rings of 0.26 holes and three rings of 0.28 holes.    

 

FIBER STRUCTURE FIBER STRUCTURE FIBER STRUCTURE FIBER STRUCTURE –––– ACT ACT ACT ACTIVE FIBERIVE FIBERIVE FIBERIVE FIBER    

 
The active fiber is produced using the results from the above shown passive test fibers. The 
final structure on fiber level is shown below. 
 

    
Figure Figure Figure Figure 12121212 Back illuminated (left) and top illuminated (right) microscope  Back illuminated (left) and top illuminated (right) microscope  Back illuminated (left) and top illuminated (right) microscope  Back illuminated (left) and top illuminated (right) microscope pictures of the fiber cross sectionpictures of the fiber cross sectionpictures of the fiber cross sectionpictures of the fiber cross section    

PHYSICAL PROPERTIES PHYSICAL PROPERTIES PHYSICAL PROPERTIES PHYSICAL PROPERTIES –––– ACTIVE FIBER: ACTIVE FIBER: ACTIVE FIBER: ACTIVE FIBER:            

MATERIAL 

Core material: Yb-doped silica 
Cladding material:    Pure and B-doped silica 
Coating material: High temperature acrylate (single layer) 

DIMENSIONS 

Fiber 
Pitch 
[µm] 

Outer 
hole 
size 

Inner 
hole-
size 

Pump core 
diameter 
[µm] 

Cladding 
diameter 
[µm] 

Coating di-
ameter 
[µm] 

1 9.9 0.30 0.21 425 940 1036 
2 9.9 0.30 0.21 423 940 1036 
3 10.1 0.35 0.25 425 940 1036 
4 9.7 0.24 0.17 423 940 1036 
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OPTICAL PROPERTIES OPTICAL PROPERTIES OPTICAL PROPERTIES OPTICAL PROPERTIES –––– ACTIVE FIBER:  ACTIVE FIBER:  ACTIVE FIBER:  ACTIVE FIBER:     FIBEFIBEFIBEFIBERRRR    TARGETTARGETTARGETTARGET    

SIGNAL CORE: 

Core ∆n:  ~-7·10-4  -7·10-4 +/- 1·10-4 

B-doped SAPS ∆n:  -6·10-3 < -3·10-3 

Mode field diameter @ 1060 nm  ~33X36 µm 

MULTIMODE PUMP CORE: 

Numerical aperture @ 975 nm1:  0.65-0.7 > 0.50 
Pump absorption @ 920 nm:  0.7 dB/m    
Pump absorption @ 976 nm:  2.2 dB/m    
 
1: Measured as the angle corresponding to FWHM of the maximum intensity.  
 

MODAL PROPERTIES MODAL PROPERTIES MODAL PROPERTIES MODAL PROPERTIES –––– ACTIVE FIBER ACTIVE FIBER ACTIVE FIBER ACTIVE FIBER    

 
The modal properties of the fiber were investigated by monitoring the near field while bending 
the fibers. Fiber 1-3 are all multimode when bend to 45 cm diameter. Further bending was not 
tried due to the large outer diameter of the fibers.  
Fiber 4 is slightly multimode when straight, but single mode when bend to a diameter of ap-
proximately 130 cm (see Figure 13). The near field (shown in Figure 14) shows a very flat non-
Gaussian mode profile. 
 

   
Figure Figure Figure Figure 13131313 Near field of Fiber 4 in straight state (left) and bend to  Near field of Fiber 4 in straight state (left) and bend to  Near field of Fiber 4 in straight state (left) and bend to  Near field of Fiber 4 in straight state (left) and bend to ~130 cm diameter (Right)~130 cm diameter (Right)~130 cm diameter (Right)~130 cm diameter (Right)    

 
 
 

  
Figure Figure Figure Figure 14141414 (Left) Near field of Fiber 4 bend to ~130 cm diameter. (Right) Simulated mode profile of target fiber. (Left) Near field of Fiber 4 bend to ~130 cm diameter. (Right) Simulated mode profile of target fiber. (Left) Near field of Fiber 4 bend to ~130 cm diameter. (Right) Simulated mode profile of target fiber. (Left) Near field of Fiber 4 bend to ~130 cm diameter. (Right) Simulated mode profile of target fiber.    
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Figure Figure Figure Figure 15151515 Mode profile (measured at 1060 nm) of Fiber 4 bend to ~130 cm diameter. Mode profile (measured at 1060 nm) of Fiber 4 bend to ~130 cm diameter. Mode profile (measured at 1060 nm) of Fiber 4 bend to ~130 cm diameter. Mode profile (measured at 1060 nm) of Fiber 4 bend to ~130 cm diameter.    
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ITEM 0003 ITEM 0003 ITEM 0003 ITEM 0003 –––– THIRD ITERATION FIB THIRD ITERATION FIB THIRD ITERATION FIB THIRD ITERATION FIBERERERER    

Fiber IDs: 070503-CF0867 (pull 1,2,3,5) 
Delivered fiber length: 65 m 

PHYSICAL PROPERTIES:PHYSICAL PROPERTIES:PHYSICAL PROPERTIES:PHYSICAL PROPERTIES:    FIBERFIBERFIBERFIBER    TARGETTARGETTARGETTARGET    

MATERIAL 

Core material: Yb and F co-doped silica 
Cladding material: Pure silica 
Coating material: High temperature acrylate (single layer) 

DIMENSIONS 

Inner cladding (pump core) diameter1: 433 µm ~430 µm 

Cladding diameter: 960 µm ~900 µm 

Coating diameter: 1045 µm - 
Inner hole size: 0.20 0.20 
Outer hole size: 0.25 0.25 
Pitch: 10 µm 10 µm 

OPTICAL PROPERTIES: OPTICAL PROPERTIES: OPTICAL PROPERTIES: OPTICAL PROPERTIES:     FIBERFIBERFIBERFIBER    TARGETTARGETTARGETTARGET    

SIGNAL CORE: 

Core ∆n: ~-7·10-4  -7·10-4 +/- 1·10-4 

B-doped SAPS ∆n: -6·10-3 < -3·10-3 

MULTIMODE PUMP CORE: 

Numerical aperture @ 975 nm2: 0.65-0.67 > 0.50 
Pump absorption @ 920 nm: 0.7 dB/m    
Pump absorption @ 976 nm: 2.2 dB/m    
 
1: Measured as diameter of the largest inscribed circle within the inner cladding layer. 
2: Measured as the angle corresponding to FWHM of the maximum intensity  

FIBER STRUCFIBER STRUCFIBER STRUCFIBER STRUCTURETURETURETURE    

 

  
Figure Figure Figure Figure 16161616 Optical microscope picture of fiber cross section. Right picture shows the structure illuminated from the back  Optical microscope picture of fiber cross section. Right picture shows the structure illuminated from the back  Optical microscope picture of fiber cross section. Right picture shows the structure illuminated from the back  Optical microscope picture of fiber cross section. Right picture shows the structure illuminated from the back 
whereby the index differences between core, cladding and SAPS areas are visible.whereby the index differences between core, cladding and SAPS areas are visible.whereby the index differences between core, cladding and SAPS areas are visible.whereby the index differences between core, cladding and SAPS areas are visible.    
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NEAR FIELDNEAR FIELDNEAR FIELDNEAR FIELD    

 

     
FigureFigureFigureFigure    17171717 Near field recorded at 1060 nm. Left: Near field recorded at 1060 nm. Left: Near field recorded at 1060 nm. Left: Near field recorded at 1060 nm. Left:    4444    ccccmmmm    oooover ver ver ver tabtabtabtablllleeee, M, M, M, Miiiiddle:ddle:ddle:ddle:    2 cm over table, Right: 2 cm over table, Right: 2 cm over table, Right: 2 cm over table, Right: 1 1 1 1 cm over tablecm over tablecm over tablecm over table (see figure b (see figure b (see figure b (see figure be-e-e-e-
low for test setup)low for test setup)low for test setup)low for test setup). . . . The fiber is multimode in the two first positions but single mode The fiber is multimode in the two first positions but single mode The fiber is multimode in the two first positions but single mode The fiber is multimode in the two first positions but single mode in the last position 1 cm over the table.in the last position 1 cm over the table.in the last position 1 cm over the table.in the last position 1 cm over the table.    

 

 
FigureFigureFigureFigure    18181818 N N N Near fiear fiear fiear fieldeldeldeld test setup test setup test setup test setup    
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FigureFigureFigureFigure    19191919    MMMMode profiles at 1060 nm inode profiles at 1060 nm inode profiles at 1060 nm inode profiles at 1060 nm in the two ortho the two ortho the two ortho the two orthogonal directionsgonal directionsgonal directionsgonal directions (indicated by the  (indicated by the  (indicated by the  (indicated by the colourcolourcolourcolour))))    

Fiber Fiber 

Heigth over table 

Fiber length 1.5m 

9cm 
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